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(54) HEAT-EXPANDABLE MACROSPHERE AND PROCESS FOR PRODUCING THE SAME 



(57) The Invention provides a thermally foam able 
microsphere whose shell is formed of a polymer that is 
obtained by the polymerization of a polymerlzable mon- 
omer and a crosslinkable monomer at a proportion of 
greater than 1% by weight up to 5% by weight based on 
the polymerizable monomer and which has a maximum 
expansion ratio of at least 5 . The Invention also provides 



a process forthe production of a thermally foam able mi- 
crosphere having a maximum expansion ratio of at least 
5 by the suspension polymerization of a polymerizable 
mixture containing a crosslinkable monomer at a pro- 
portion of greater than 1 % by weight up to 5% by weight 
based on-the polymerizabie monomer. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates generally to a thermally foamable microsphere having a structure wherein a 
foaming agent Is encapsulated In a shell formed ot a polymer, and more specifically to a thermally foamable microsphere 
having outstandingly improved process ability and its production process. 

BACKGROUND ART 

10 

[0002] Thermally foamable microspheres, also called thermally expansible microcapsules, are now put into practical 
use In various fields, for Instance, In the form of fillers for paints or plastics added with a view to weight reduction 
purposes, to say nothing of foaming inks. 

[0003] Thermally foamable microspheres have usually volatile liquid foaming agents mlcrocapsulated with polymers. 
is Such foaming agents are aiso called physical or volatile foaming agents. If desired, a chemical foaming agent that Is 
decomposed upon heating to generate gases may often be used. 

[0004] Generally, the thermally foamable microspheres may be produced by the suspension polymerization In an 
aqueous medium of a polymerizable mixture that at least contains a foaming agent and a polymerizable monomer. As 
the polymerization reaction goes on, a shell is formed by the resulting polymer, yielding a thermally foamable mlcro- 
20 sphere having a structure wherein the foaming agent Is wrapped up and encapsulated In the shell. 

[0005] For the polymer that forms the shell, thermoplastic resins having satisfactory gas barrier properties are gen- 
erally used. The shell-forming polymer softens upon heated. The foaming agents used are selected from those that 
gasify at temperatures lower than the softening point of the polymer. 

[0006] As the thermally foamable microsphere is heated, the foaming agent is vaporized to generate expanding force 
25 acting on the shell. At the same time, however, there is a drastic drop of the modulus of elasticity of the shell-forming 
polymer. For this reason, drastic expansion occurs at a certain critical temperature that Is referred to as the foaming 
temperature. In other words, the thermally foamable microsphere expands by itself upon heated to the foaming tem- 
perature, forming a closed cell (cellular particle). 

[0007] Taking advantage of the ability to form closed ceils, thermally foamable microspheres have currently found a 
30 wide range of applications In the form of aesthetic Improvers, functionality givers, weight reducers, etc. As the perform- 
ance demanded for each application grows, the level demanded for the thermally foamable microspheres grows, too. 
Among the properties demanded for the thermally foamable microspheres, there Is an Improvement In processablilty. 
[0008] For Instance, there Is a method for obtaining formed articles or sheets whose weight Is reduced or whose 
aesthetic properties are improved by subjecting a composition comprising a thermoplastic resin blended with thermally 
35 foamable microspheres to kneading, calendering, extrusion or injection molding during which the thermally foamable 
microspheres are foamed. 

[00O9] As the thermally foamable microsphere undergoes volume expansion during foaming, however, the shell- 
forming polymer layer becomes thinner and thinner. In addition, the modulus of elasticity of the shell-forming polymer 
drops drastically under the influences of high processing temperature and high shear force with the result that the shell 
40 becomes soft and so the thermally foamable microsphere breaks down easily. It is thus very difficult to achieve the 
desired object. 

[0010] Another problem with the thermally foamable microsphere Is that the proper processing temperature range 
is very narrow because of an increased temperature dependency of the modulus of elasticity of the polymer that forms 
the shell. 

45 [0011] Further, conventional thermally roamable microspheres are poor in resistance to polar solvents and plastlclz- 
ers (solvent resistance and chemical resistance), and so have only limited applications In fields where, for Instance, 
polar organic solvents are used. 

[0012] JP-A 11-60666 discloses a soft vinyl chloride resin composition for foaming extrusion molding, in which ther- 
mally expansible microcapsules are blended with a plasticizer-containing vinyl chloride resin. 
so [0013] JP-A 2000-171 03 discloses a resin composition production process comprising the first step of kneading at 
100°C or lower a resin composition comprising a thermoplastic resin having a melting or softening point of 100°C or 
lower and a thermally expansible microcapsule that expands at 100 to 200°C, and the second step of kneading or 
molding the resultant resin composition with the addition of a thermoplastic resin thereto. 

[0014] In order that thermally foamable microspheres are actually applicable to such foaming extrusion molding or 
55 kneading/molding, they must have a shell that has high foaming temperature and improved heat resistance. To add to 
this, the modulus of elasticity of the polymer that forms the shell must have a decreased dependency on temperature, 
a wide range of proper processing temperature, and Improved resistance to polar solvents, plastlclzers, etc. 
[0015] To produce thermally foamable microspheres having high heat resistance, a process for forming a shell- 
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forming polymer layer by the polymerization of a polymerizable monomer comprising a vinyl monomer with the addition 
of a crossllnkable monomer thereto has already been put forward (see JP-B's 42-26524 and 5-15499, patent No. 
2894990 and JP-A 5-285376). By use of the crossllnkable monomer, it is thus possible to introduce a crossl Inked 
structure into the shell-forming polymer, thereby making Improvements in the heat resistance and melt flowablllty of 

s thermally foamable microspheres. 

[0016] As the degree of crossl in king of the polymer that forms the shell becomes high, however, the thermal expan- 
sibility of thermally foamable microspheres is impaired. For this reason, each of the examples in these prior arts merely 
shows that the crossllnking agent Is used at a very low proportion of 1 % by weight or less, and preferably 0.2 to 0.6% 
by weight of the polymerizable monomer. 

to [0017] At such a low proportion of the crossllnking agent it Is Impossible to obtain thermally foamable microspheres 
having sufficiently improved processabi I ity. Shells formed of conventional crosslinked polymers, too, are found to have 
a large dependency of their modulus of elasticity on temperature and, hence, have a very narrow range of proper 
processing temperature or be inferior in processabil ity. Further, the shells formed of conventional crosslinked polymers 
are insufficient In terms of resistance to polar solvents and piastlclzers. 

is [0018] Furthermore, the shells formed of conventional crosslinked polymers are actually limited to a polymer having 
a specific composition, and so it is difficult to design thermally foamable microspheres having improved compatibility 
with the thermoplastic resin used. 

DISCLOSURE OF THE INVENTION 

20 

[0019] One object of the present Invention Is to provide a thermally foamable microsphere suitable for processing 
where strong shear force Is applied thereto, for instance, kneading, calendering, extrusion, and injection molding, and 
Its production process. 

[0020] A particular object of the present invention Is to provide a thermally foamable microsphere wherein a shell 
25 formed of a polymer has a limited dependency of its modulus of elasticity on temperature so that a wide range of proper 
processing temperature can be ensured, and Its production process. 

[0021] Another object of the present invention is to provide a thermally foamable microsphere that has resistance to 
polar solvents, piastlclzers, etc. (chemical resistance and solvent resistance) and high capability of retaining foaming 
properties, and Its production process. 

30 [0022] As a result of Intensive studies carried out so as to accomplish the foregoing objects, the present Inventors 
have surprisingly found that it is possible to obtain a thermally foamable microsphere having outstandingly improved 
processabiilty without being detrimental to thermal expansibility by forming the shell thereof using a polymer that is 
obtained by the polymerization of a polymerizable monomer and a crossllnkable monomer at a proportion of greater 
than 1% by weight up to 5% by weight based on the polymerizable monomer. 

35 [0023] For the crossllnkable monomer, preference is given to bifunctional crossllnkable monomers, and particular 
preference Is given to compounds having a structure wherein two polymerlzalbe carbon-carbon double bonds are 
linked together via a flexible chain. 

[0024] These findings have underlain the thus accomplished invention. 

[0025] Thus, the present Invention provides a thermally foamable microsphere having a structure wherein afoamlng 
40 agent Is encapsulated in a shell formed of a polymer, characterized In that: 

(1) the shell formed of a polymer is formed of a polymer that is obtained by the polymerization of a polymerizable 
monomer and a crossllnkable monomer at a proportion of greater than 1% by weight up to 5% by weight based 
on the polymerizable monomer, and 
43 (2) a maximum expansion ratio of the thermally foamable microsphere Is at least 5. 

i 

[0026] The present Invention also provides a process for producing a thermally foamable microsphere having a 
structure wherein a foaming agent is encapsulated In a shell formed of a polymer that is obtained by subjecting a 
polymerizable mixture containing at least a foaming agent, a polymerizable monomer and a crosslinkable monomer 
so to suspension polymerization in an aqueous dispersion medium, the process comprising subjecting the polymerizable 
mixture containing the crossllnkable monomer at a proportion of greater than 1 % by weight up to 5% by weight based 
on the polymerizable monomer to suspension polymerization to obtain a thermally foamable microsphere having a 
maximum expansion ratio of at least 5. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

5 Fig. 1 is a graph showing relations between the modulus of elasticity of the shell polymer of a thermally foarn able 

microsphere and temperature. 

Fig. 2 is illustrative of one embodiment of the thermally foamable microsphere production process using a contin- 
uous high-speed rotation, high-shear type dispersing machine. 

Fig. 3 is illustrative of another embodiment of the thermally foamable microsphere production process using a 
10 continuous high-speed rotation, high-shear type dispersing machine. 

Fig. 4 Is Illustrative of yet another embodiment of the thermally foamable microsphere production process using a 
batch-wise high-speed, high-shear type dispersing machine. 

BEST MODE FOR CARRYING OUT THE INVENTION 

1. THERMALLY FOAMABLE MICROSPHERE PRODUCTION PROCESS 

[0028] The thermally foamable microsphere of the present Invention can bB produced by the process for producing 
a thermally foamable microsphere having a structure in which a foaming agent is encapsulated in a shell formed of a 

20 polymer that Is obtained by subjecting a polymerlzable mixture containing at least a foaming agent, a polymerlzable 
monomer and a crosslinkable monomer to suspension polymerization in an aqueous dispersion medium, the process 
comprising subjecting the polymerlzable mixture containing the crosslinkable monomer at a proportion of greater than 
1% by weight up to 5% by weight based on the polymerlzable monomer to suspension polymerization. 
[0029] By adjusting the types and proportions of the polymerizable monomer and crosslink! ng agent used, it is pos- 

25 sible to obtain thermally foamable microspheres having a maximum expansion ratio of at least 5, and preferably at 
least 10. The "maximum expansion ratio" used In this Invention Is understood to refer to a maximum expansion ratio 
at a foaming temperature at which the thermally foamable microsphere shows the maximum expansion ratio. How to 
measure this maximum expansion ratio will be explained later. 

30 (1) FOAMING AGENT 

[0030] The foaming agent used herein Is usually a substance that gasifies at a temperature lower than the softening 
point of the shell-forming polymer. 

[0031] Preferable for such foaming agents are low-bolling organic solvents exemplified by low-molecular-welght hy- 
35 drocarbons such as ethane, ethylene, propane, propene, n-butane, isobutane, butene, isobutene, n-pentane, isopen- 
tane, neopentane, n-hexane, isohexane, heptane and petroleum ether; chlorofluorocarbons such as CCI 3 F; and 
tetraalkyisilanes such as tetramethylsilane. 

[0032] These foaming agents may be used alone or in combination of two or more, and preferable among them are 
isobutane, n-butane, n-pentarte, Isopentane, n-hexane, Isohexane and petroleum ether, which may be used In admlx- 
40 ture of two or more. If desired, it is acceptable to make use of a compound that is thermally decomposed by heating 
Into a gaseous state. 

(2) POLYMERIZABLE MONOMER, AND POLYMER 

45 [0033] The polymerlzable monomer used herein is exemplified by acrylic esters such as methyl acrylate, ethyl acr- 
ylate, butyl acrytate and dicyclopentenyl acrylate; methacryllc esters such as methyl meth aery late, ethyl meth aery late, 
butyl methacrylate and Isobornyl meth acrylate; and vinyl monomers such as aery Ion Itrlle, methacrylonltrlle, vlnylldene 
chloride, vinyl chloride, styrene, vinyl acetate, a-methylstyrene, chloroprene, neoprene and butadiene. 
These polymerizable monomers may be used singly or in combination of two or more. 

so [0034] Preferably in the thermally foamable microsphere, the polymer that forms the shell should be thermoplastic 
and have gas barrier properties. In consideration of these, vinylldene chloride (co)polymers and (meth) acrylonitrlle 
(co)potymers are preferred for the shell -forming polymer. 

[0035] The vinylldene chloride (co)polymera are exemplified by (co)polymers that are obtained using as a polymer- 
lzable monomer vlnylldene chloride alone or a mixture of vinylldene chloride and a vinyl monomer copolymers able 
55 therewith. The monomer copolymerizable with vinylldene chloride, for instance, includes aery lonitrile, methacrylonitrile, 
methacrylic ester, acrylic ester, styrene and vinyl acetate. 

[0036] Preferable for one vlnylldene chloride (co)polymer are copolymers that are obtained using as polymerlzable 
monomers (A) 30 to 100% by weight of vlnylldene chloride and (B) Oto 70% by weight of at least one monomer selected 
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from the group consisting of acrylonitrile, methacrylonitrie, acrylic ester, methacrylic ester, styrene and vinyl acetate. 
It Is not preferable that the proportion of vlnylldene chloride copolymerized Is below 30% by weight, because the gas 
barrier properties of the shell become too low. 

[0037J Preferable for another vlnylldene chloride (copolymer are copolymers that are obtained by using as polym- 
5 erizable monomers (A1 ) 40 to 80% by weight of vlnylldene chloride, (B1 ) 0 to 60% by weight of at least one monomer 
selected from the group consisting acrylonltrlle and methacrylonltrlle and (B2) 0 to 60% by weight of at least one 
monomer selected from the group consisting of acrylic ester and methacrylic ester. Such copolymers make the design 
of foaming temperature easy and enable high expansion ratios to be easily achievable. 

[0038] Where solvent resistance and high-temperture foaming capability are desired, it Is preferable that the shell is 
10 rormed of a (meth)acrylonltrlle (co)polymer. The (meth) acrylonltrlle (co)polymer, for Instance, Includes copolymers 
thatareobtalned using as polymerizable monomers (meth)acrylonitrile alone or meth (acrylonltrlle) and a vinyl monomer 
copolymerlzable therewith. The vinyl monomer copolymerlzable with the (meth) acrylonltrlle, for Instance, Includes 
vinylidene chloride, acrylic ester, methacrylic ester, styrene and vinyl acetate. 

[0039] Preferable for such (meth) acrylonltrlle (co)polymer are copolymers that are obtained using as polymerizable 

is monomers (C) 30 to 1 00% by weight of at least one monomer selected from the group consisting of acrylonltrlle and 
methacrylonltrile and (D) 0 to 70% by weight of at least one monomer selected from the group consisting of vinylidene 
chloride, acrylic ester, methacrylic ester, styrene and vinyl acetate. When the proportion of the (meth)acrylonttrile co- 
polymerized is less than 30% by weight, solvent resistance and heat resistance become insufficient. 
[0040] The (meth)acrylonitrlle(co)polymer may be broken down into a (co)polymerthat has a high (meth)acrylonitrile 

20 proportion and a high foaming temperature, and a (co)polymer that has a low (meth)acrylonrtrlle proportion and a low 
foaming temperature. The (co)pofymer having a high (meth)acrylonltrHe proportion, for Instance, Includes a (co)polymer 
that is obtained using as polymerizable monomers (C) 80 to 1 00% by weight of at least one monomer selected from 
the group consisting of acrylonltrlle and methacrylonltrlle and (D) 0 to 20% by weight of at least one monomer selected 
from the group consisting of vinylidene chloride, acrylic ester, methacrylic ester, styrene and vinyl acetate. 

25 [0041] On the other hand, the (co)polymer having a low (meth)acrylonithle proportion, for instance, includes a co- 
polymer that Is obtained using as polymerizable monomers (C) more than 30% by weight to less than 80% by weight 
of at least one monomer selected from the group consisting of acryionitrlle and methacrylonitriie and (D) greater than 
20% by weight up to 70% by weight of at least one monomer selected from the group consisting of vlnylldene chloride, 
acrylic ester, methacrylic ester, styrene and vinyl acetate. 

30 [0042] Also preferable for the (meth)acrylonltrile (co)polymer Is a copolymer that Is obtained using as polymerizable 
monomers (C1) 51 to 100% by weight of at least one monomer selected from the group consisting of acrylonitrila and 
methacrylonltrlle, (D1 ) 0 to 40% by weight of vlnylldene chloride and (D2) 0 to 48% by weight of at least one monomer 
selected from the group consisting of acrylic ester and methacrylic ester. 

[0043] Where a vinylidene chloride-free (co)polymer Is desired for the shell polymer, preference is given to (meth) 
35 acrylonitrile (co)polymers that are obtained using polymerizable monomers (E) 30 to 1 00% by weight of at least one 
monomer selected from the group consisting of acrylonltrlle and methacrylonltrlle and (F) 0 to 70% by weight of at least 
one monomer selected from the group consisting of acrylic ester and methacrylic ester. 

[0044] Preference is also given to a copolymer that is obtained using as polymerizable monomers (E1) 1 to 99% by 
weight of acrylonltrlle, (E2) 1 to 99% by weight of methacrylonltrlle and 0 to 70% by weight of at least one monomer 
40 selected from the group consisting of acrylic ester and methacrylic ester. 

[0045] Where It Is desired to obtain a thermally toamable microsphere that Is particularly Improved In terms of proc- 
essability, foaming capability, gas barrier properties, solvent resistance, etc., it is preferable to use for the shell a (meth) 
acrylonitrile (co)polymer that is obtained using as polymerizable monomers (E1) 20 to BO% by weight of acrylonitrile, 
(E2) 20 to 80% by weight of methacrylonitriie and (F) 0 to 20% by weight of at least one monomer selected from the 
group consisting of acrylic ester and methacrylic ester. 

(3) CROSSLIN KABLE MONOMER 

[0046] In the present invention, a crosslinkabie monomer is used together with such a polymerizable monomer as 
so mentioned above for the purpose of making improvements in processability, foaming properties, heat resistance, sol- 
vent resistance (chemical resistance), etc. 

[0047] For the crosslinkabie monomer, usually, polyfunctlonal compounds having two or more polymerizable carbon- 
carbon double bonds are used. For the polymerizable carbon-carbon double bonds, vinyl, methacryl, acryl, allyl or 
other groups are mentioned. Two or more polymerizable carbon-carbon bonds may be the same as or different from 
55 one another. 

[0048] Exemplary crosslinkabie monomers are aromatic drvinyl compounds such as divinylbenzene, diviny l-naptha- 
lene or their derivatives; diethyl enical unsaturated carboxyllc esters such as ethylene glycol dl(meth)acrylate and dl- 
ethylene glycol dl (meth) aery late; (meth)acrylates derived from aliphatic both -terminated alcohols such as 1 ,4-butane- 
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diol and 1,9-nonanedlol; divinyl compounds such as N.N-divlnyianlline and divinyl ethers; and other bifunctional 
crossllnkable monomers. 

[0049] For the crossllnkable monomer, use may also be made of tri- or poly-fu notional crossllnkable monomers such 
as trimethylolpropane tr!(meth)acrylate, pentaerythrltol trl(meth)accrytate and triacrylformal. 

5 [0050] Among the crossllnkable monomers, preference Is given to Afunctional crossllnkable monomers having two 
polymerlzable carbon-carbon double bonds because It Is easy to reconcile foaming capability with process ability. When 
used at an increased proportion, tri- or poly-functiona! crosslinkable monomers give rise to a shell-forming polymer 
that Is often unsusceptible to foaming even upon heated because of a loss of thermoplastic resin properties. 
[0051] Preferable for the blfu notional crossllnkable monomer is a compound having a structure wherein two polym- 

10 erizable carbon-carbon double bonds are linked together directly or Indirectly via a flexible chain derived from a dloi 
compound selected from the group consisting of polyethylene glycol, polypropylene glycol, an alkyldiol, an alkyl ether 
dloi and an aikyl ester dlol. 

[0052] When the Afunctional crossllnkable monomer having such a flexible chain Is used as the crosslinkable mon- 
omer at a proportion of greater than 1% by weight up to 5% by weight, it is then possible to reduce the dependency of 
" the modulus of elasticity of the shell polymer on temperature while the expansion ratio Is kept high. It is thus possible 
to obtain a thermally foamable microsphere that is less susceptible to a shell rupture or dissipation of included gases 
even upon receipt of shear force at processing steps such as kneading, calendering, extrusion, and Injection molding 
steps. 

[0053] When the bifunctional crosslinkable monomer having a flexible chain is used at a specified proportion, it is 
20 presumed that "strain-curing" physical properties could be Imparted to the shell polymer layer of the thermally foam able 
microsphere. The wording "straln-curablllty n Is understood to means the ability that as the amount of deformation In- 
creases, larger deforming stress is needed for the application of additional deformation. 

[0054] As the thermally foamable microsphere of the present Invention Is foamed by heating, the shell polymer layer 
is elongated with the start and progress of foaming. When, at that time, the shell polymer has a suitable degree of 
25 strain curability, not only a thin portion of the polymer layer is elongated by deforming stress, but a thick portion of the 
polymer tayer that Is less deformed and so requires small deforming stress is preferentially elongated. This ensures 
that even when the degree of crosslinking of the shell polymer layer is high, high expansion ratios are achievable. In 
addition, because the shell polymer layer has a uniform thickness, its resistance to temperature, shear force and sol- 
vents becomes strong. 

30 [0055] On the other hand, when the site where the polymerlzable carbon-carbon double bonds are linked together 
has a rigid structure or the amount of the crosslinkable monomer used is too much, the strain curability becomes too 
strong, resulting in large expansion ratio decreases or, In the worst case, no foaming at all. 

[0056] The bifunctional crossllnkable monomer having a structure wherein two polymerlzable carbon-carbon double 
bonds are linked together via the aforesaid flexible chain, for Instance, Includes polyethylene glycol dl(meth)acrylate, 
S3 polypropylene glycol di(meth)acrylate, an alkyldiol di(meth) aery late, an alkyl ether diol di(meth)acrylate and an aikyl 
ester dlol dl(meth)acrylate as well as mixtures of two or more thereof. 

[0057] More exemplary bifunctional crosslinkable monomers, include polyethylene glycol di(meth)acrylates (usually 
containing 2 to 1 5 ethylene oxide units (-CH 2 CH 2 0-)) such as dlethylene glycol di(meth)acrylate, triethylene glycol di 
(meth) aery late and tetraethylene glycol dl(meth) acrylate; polypropylene glycol di(meth)acrylates (usually containing 

40 2 to 20 propylene oxide units (-CH(CH 3 )CH 2 0-) or (-CH 2 CH(CH3)0-)) such as dipropylene glycol di(meth) acrylate, 
trlpropylene glycol dl(meth)acrylate and tetrapropylene glycol di(meth)acrylate; alkyldiol dl(meth)acrylates (wherein 
the flexible chain comprises aliphatic carbons with the linkage having usually 2 to 20 carbon atoms) such as ethylene 
glycol dl(meth)acrylate, propylene glycol dl(meth)acrylate, 1 ,3-propanediol dl(meth)acrylate, 1 ,4-butanedlol di(meth) 
acrylate, 1,3-butylenediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 1 ,9-nonanediol di(meth)acrylate, neo- 

45 pentyl glycol dl(meth)acry!ate, 3-methyi-1 ,5-pentanedlol dl(meth)acrylate, 2,4-dlethyM ,5-pentanedlol dl(meth}acryiate 
and 2-hydroxy-1,3-propanedlol dl(meth) acrylate; alkyl ether dlol cfl<meth)acrylates (represented by the formula (-R,- 
0-R 2 -) wherein the flexible chain is constructed of aliphatic carbons R t , R 2 and an ether bond; when there is one ether 
bond, the aliphatic carbons In (-R 1 -0-R 2 -) are usually different from each other, I.e., R^R 2 ) such as 3-oxa- 1,6-hexan- 
ediol di(meth)acrylate; and alkyl ester diol di(meth)acrylates (represented by the formula (-R 1 -COO-R 2 -) where the 

so flexible chain is composed of aliphatic carbons R t , R 2 and an ester bond) such as hydroxyp rvalic acid neopentyl glycol 
dl(meth)acry!ate. 

[0058] The tower limit to the proportion of the crossllnkable monomer used Is greater than 1% by weight, preferably 
1 ,1 % by weight, more preferably 1 .2% by weight, and even more preferably 1 .3% by weight based on the polymerlzable 
monomer (polymerlzable polymer = 1 00% by weight), and the upper limit thereto Is 5% by weight, preferably 4% by 
55 weight, and more preferably 3% by weight on the same basis. 

[0059] Especially with the bifunctional polymerizable monomer having a structure wherein two polymerizable carbon- 
carbon double bonds are linked together via the aforesaid flexible chain, satisfactory results are often easily obtainable 
when the proportion of the crossllnkable monomer used Is In the range of 1 .4 to 4% by weight, and preferably 1 .5 to 
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3% by weight. 

[0060] When the proportion of the crossllnkable monomer used Is equal to or less than 1% by weight, only process- 
ability similar to that of conventional thermally foamable microspheres is obtainable. When the proportion of the 
crossllnking agent used Is In excess, on the other hand, foaming Is hard to occur because the shell polymer loses 
5 thermoplastlcity. 

(4) POLYMERIZATION INITIATOR 

[0061] For the polymerization initiator that is not particularly critical to the present invention, use may be made of 
10 those generally available In this field; however, It Is preferable to use an oil-soluble polymerization Initiator that Is soluble 
in the polymerizabie monomer. 

[0062] Exemplaiy polymerization Initiators are dlalkyl peroxides, dlacyl peroxides, peroxy esters, peroxydlcarbonates 
and azo compounds. 

[0063] Usually, the polymerization initiator is contained in the monomer mixture. However, when it is required to 
is prevent any premature polymerization, a part or the whole ol the polymerization Initiator may be added to an aqueous 
dispersion medium during or after particle formation, thereby passing it into droplets of the polymerization mixture. The 
polymerization Initiator Is usually used at a proportion of 0.0001 to 3% by weight on an aqueous dispersing medium 
basis. 

20 (5) AQUEOUS DISPERSION MEDIUM 

[0064] Usually, suspension polymerization is carried out in an aqueous dispersion medium containing a dispersion 
stabilizer that Is exemplified by silica, magnesium hydroxide and other Inorganic fine particles. Besides, costablllzers 
such as condensation products of diethanol amine and aliphatic dicarboxylic acids, polyvinyl pyrrolidone, polyethylene 
25 oxide and various emulsifiers may be used. 

The dispersion stabilizer is usually used at a proportion of 0.1 to 20 parts by weight per 100 parts by weight of the 
polymerizabie monomer. 

[0065] The dispersion stabilizer-containing aqueous dispersion medium Is usually prepared by Incorporating the 
dispersion stabilizer or co-stabilizer in deionized water. The pH of an aqueous phase upon polymerization is property 

30 determined depending on the type of the dispersion stabilizer or co-stablllzer used. For Instance, when silica like col- 
loidal silica is used as the dispersion stabilizer, the polymerization is carried out in an acidic environment To acidify 
the aqueous dispersion medium, an acid is added to the system if required, thereby regulating the pH of the system 
to 6 or lower, and preferably about 3 to 4. With a dispersion stabilizer such as magnesium hydroxide or calcium phos- 
phate that dissolves In the aqueous dispersion medium In an acidic environment, the polymerization Is carried out an 

35 alkaline environment. * 

[0066] One preferable dispersion stabilizer combination consists of colloidal silica and a condensation product pref- 
erably exemplified by that of diethanolamine and an aliphatic dicarboxylic acid, especially that of diethanolamine and 
adipic acid or diethanolamine and itaconic acid. The condensation product has an acid number in the range of preferably 
60 to less than 95, and more preferably 65 to 90. 

40 [0067] It is here noted that the addition of an inorganic salt such as sodium chloride or sodium sulfate to the aqueous 
dispersion medium makes It easy to obtain thermally foamable microspheres having more uniform particle shape. For 
the inorganic salt, usually, common saft is preferred. 

[0068] TTie amount of colloidal silica used is usually in the range of 1 to 20 parts by weight, and preferably 2 to 15 
parts by weight per 1 00 parts by weight of the polymerizabie monomer although varying with its particle diameter. 
as [0069] The condensation product Is usually used at a proportion of 0.05 to 2 parts by weight per 1 00 parts by weight 
of the polymerizabie monomer. 

[0070] The Inorganic salt Is ordinarily used at a proportion of 0 to 1 00 parts by weight per 1 00 parts by weight of the 
polymerizabie monomer. 

[0071] Other preferable dispersion stabilizer combinations consist of colloidal silica and water-soluble nitrogenous 
so compounds. Among these, a colloidal silica and polyvinyl pyrrolidone combination is preferred. Combinations of mag- 
nesium hydroxide and/or calcium phosphate with emulsifiers are also preferred. 

[0072] For the dispersion stabilizer, colloids of slightly water-soluble metal hydroxides (e.g. , magnesium hydroxide) 
may be used, which hydroxides are obtained by reactions in aqueous phases of water-soluble polyvalent metal chlo- 
rides (e.g., magnesium chloride) and alkaline metal hydroxides (e.g., sodium hydroxide). For the calcium phosphate, 
55 products of reactions in aqueous phases of sodium phosphate and calcium chloride may be used. 

[0073] The emulsifiers are not generally used; if desired, however, it is acceptable to use anionic surfactants such 

as salts of dlalkyl sulfosucclnlc acid or phosphoric esters of polyoxyethylene alkyl (allyl) ethers. 

[0074] At least one compound selected from the group consisting of alkaline metal nitrites, stannous chloride, stannic 
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chloride, water-soluble ascorbic acids and boric acid may be present as a polymerization aid in the aqueous dispersion 
medium. Suspension polymerization In the presence of these compounds causes no aggregation ot polymer particles 
during polymerization, and prevents the polymer product from depositing onto the wall ol a polymerization vessel, so 
that thermally foamable microspheres can be produced stably while heat generated due to polymerization can be 
5 effectively removed. 

[0075] Among the alkaline metal nitrites, sodium nitrite and potassium nitrite are preferred In view of availability and 
price. The ascorbic acids, for instance, include ascorbic acid, metal salts of ascorbic acid and esters of ascorbic acid, 
among which water-soluble ones are preferred. 

[0076] The "water-soluble ascorbic acids" are here understood to refer to those having a solubility of at least 1 g/ 
10 1 oo cm 3 in water of 23°C, for which ascorbic acid and Its alkaline metal salts are preferred. Among these, L-ascorblc 
acid (vitamin C), sodium ascorbate and potassium ascorbate are particularly preferred in view of availability and price, 
and action and effect as well. 

[0077] These polymerization aids are used at a proportion of usually 0.001 to 1 part by weight, and preferably 0.01 
to 0.1 part by weight per 100 parts by weight of the polymerlzable monomer. 

15 

(6) SUSPENSION POLYMERIZATION 

[0078] in what order the respective components are added to the aqueous dispersion medium is not critical to the 
present invention. Usually, however, it is preferable that the dispersion stabilizer-containing aqueous dispersion me- 

20 dlum Is prepared by adding water and the dispersion stabilizer to the aqueous dispersion medium, optionally with the 
addition thereto of the co-stablllzer and polymerization aid. On the other hand, the foannlng agent, polymerlzable mon- 
omer and crosslinkable monomer may be added separately to the aqueous dispersion medium whereupon they are 
Integrated together Into a polymerlzable mixture (an oily mixture) In the aqueous dispersion medium. However, usually, 
such components are pre-mlxed together and the resulting mixture is then added to the aqueous dispersion medium. 

25 [0079] The polymerization initiator may be used while previously added to the polymerization monomer. When pre- 
vention of any premature polymerization Is in need, for Instance, It Is acceptable to add the polymerlzable mixture to 
the aqueous dispersion medium and then adding the polymerization initiator under agitation, thereby integrating them 
together in the aqueous dispersion medium. Alternatively, the polymerlzable mixture may be mixed with the aqueous 
dispersion medium In a separate vessel. Then, the mixture Is mixed under agitation In a stirring or dispersing machine 

30 with high shear force, followed by feeding In a polymerization vessel. 

[0080] By mixing under agitation of the polymerizable mixture with the aqueous dispersion medium, droplets of the 
polymerlzable mixture are formed In the aqueous dispersion medium. The average particle diameter of the droplets 
should preferably be substantially In agreement with the desired particle diameter of thermally foamable microspheres, 
and usually on the order of 3 to 1 00 urn. 

35 [0081 ] To obtain thermally foamable microspheres having a very sharp particle diameter distribution, it is preferable 
to rely upon a process In which the aqueous dispersion medium and polymerlzable mixture are fed Into a continuous 
high-speed rotation, high-shear type stirring/dispersing machine wherein both are continuously stirred and dispersed, 
and the obtained dispersion Is thereafter poured into a polymerization vessel wherein the dispersion Is suspension 
polymerized. 

40 [0082] More specifically, at the step of feeding the aqueous dispersion medium and polymerizable mixture into the 
continuous high-speed rotation, high-shear type stirring/dispersing machine, two methods are available, one method 
(i) wherein the aqueous dispersion medium and the polymerlzable mixture are each fed as a separate stream at a 
constant ratio continuously Into the continuous high-speed rotation, high-shear type stirring/dispersing machine, and 
another (ii) wherein the aqueous dispersion medium and polymerizable mixture are poured together in a dispersing 

45 tank wherein both are stirred together for primary dispersion, and the obtained primary dispersion is then fed into a 
continuous high-speed rotation, high-shear type stirring/dispersing machine. 

[0083] According to the aforesaid method (I), at the step of feeding the aqueous dispersion medium and polymerlzable 
mixture into the continuous high-speed rotation, high-shear type stirring/dispersing machine, an aqueous dispersion 
medium 1 and a polymerizable mixture 2 are each fed as a separate stream at a constant ratio continuously into the 

so continuous high-speed rotation, high-shear type stirring/dispersing machine, as typically shown in Fig. 2. 

[0084] To be more specific, the aqueous dispersion medium 1 is stored in a storage tank 3 and the polymerizable 
mixture 2 In a storage tank 4, respectively. The aqueous dispersion medium 1 is fed as one stream from a line 6 using 
a pump 5, and the polymerlzable mixture 2 is fed as another stream from a line 8 using a pump 7, into a continuous 
high-speed rotation, high-shear type stirring/dispersing machine 9. The feed ratio between the aqueous dispersion 

55 medium 1 and the polymerizable mixture 2 is in the range of usually 1:1 to 6:1 , and preferably 2:1 to 4:1 . After both 
are continuously stirred and dispersed together in the stirring/dispersing machine 9, the resulting dispersion is poured 
through a line 10 into a polymerization vessel 11, wherein the dispersion Is suspension polymerized. 
[0085] According to the aforesaid method (II), at the step of feeding the aqueous dispersion medium and polymer- 
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izable mixture into the continuous high-speed rotation, high-shear type stirring/dispersing machine, an aqueous dis- 
persion medium 1 and a polymerlzable mixture 2 are poured Into a dispersing tank 1 2, wherein both are stirred together 
for primary dispersion, as typically shown in Fig. 3. 

[0086] In the dispersing tank 1 2, there Is usually provided a general stirring blade. The ratio between the aqueous 
5 dispersion medium 1 and the polymerlzable mixture 2 is in the range of usually 1:1 to 6:1 , and preferably 2:1 to 4:1 . 
The primary dispersion obtained by stirring In the dispersing tank Is then fed through a line 14 Into a continuous high- 
speed rotation, high-shear type stirring/dispersing machine 9, using a pump 13. After the primary dispersion is further 
stirred and dispersed In the stirring/dispersing machine 9, the resulting dispersion Is poured through a line 15 Into a 
polymerization vessel 11 , wherein the dispersion Is suspension polymerized. 
10 According to the aforesaid method (II), It Is possible to obtain thermally toamable microspheres having a sharp particle 
diameter distribution in a stable manner. 

[0087] With such methods It Is possible to obtain thermally foamable microspheres having an average particle di- 
ameter of 3 to 100 u,m and a sharp particle diameter distribution as expressed in terms of the coefficient of particle 
diameter distribution variation of preferably up to 1 ,50%, more preferably up to 1.30%, and even more preferably up 
is to 1 .1 0%. Thermally foamable microspheres having a sharp particle diameter distribution are capable of foaming so 
sharply that uniform foams or molded foams can be obtained. 

[0088] Alternatively In the present Invention, (t is acceptable to use such a batch-wise high-speed rotation, high- 
shear type dispersing machine as shown in Fig. 4. In one typical method using such a batch-wise high-speed rotation, 
high-shear type dispersing machine, an aqueous dispersion medium 1 and a polymerlzable mixture 2 are charged into 

20 a batch-wise high-speed rotation, high-shear type dispersing machine 1 6 wherein they are stirred and dispersed there- 
by forming minute droplets of the polymerlzable mixture. Then, the dispersion Is poured through a line 18 Into a po- 
lymerization vessel 11 using a pump 17, wherein the dispersion is suspension polymerized. 
[0069] Usually, suspension polymerization Is carried out at an elevated temperature of 30 to 1 00°C while a reaction 
vessel is degassed or replaced therein by an inert gas. After the suspension polymerization, an aqueous phase is 

25 removed by filtration, csntrifugation, sedimentation, etc. After filtration and washing, the thermally foamable micro- 
spheres are collected in a wet cake state. If required, the thermally foamable microspheres are dried at a temperature 
relatively low enough to prevent gasification of the foaming agent. 

[0090] If desired, the thermally foamable microspheres may be treated on their surfaces with various compounds or, 
alternatively, they may be deposited thereon with inorganic fine powders. Still alternatively, the thermally foamable 
30 microspheres may be coated on their surfaces with various materials other than the Inorganic fine powders. 

2. THERMALLY FOAMABLE MICROSPHERES 

[0091] The thermally foamable microsphere of the present Invention has a structure wherein the foaming agent Is 
35 encapsulated in the shell formed of a polymer. A shell polymer is formed by the polymerization of a polymerizable 
monomer (usually a vinyl monomer). In the present Invention, however, the shell polymer Is formed by the polymeri- 
zation of a potymerizable monomer and a cross -linkable monomer at a proportion of greater than 1 % by weight up to 
5% by weight based on the polymarizable monomer. 

[0092] in the thermally foamable microsphere of the present Invention, the shell polymer Is formed using the polym- 
40 erizable monomer together with a relatively large amount of the crosslinkable monomer preferably exemplified by a 
Afunctional crosslinkable monomer, and so has a reduced dependency of its modulus of elasticity on temperature. 
Accordingly, when a resin composition obtained by blending the thermally foamable microspheres of the invention with 
a thermoplastic resin as an example is processed by kneading, calendering, extrusion, injection molding or the like, 
shell ruptures or dissipation of included gases are less likely. 
45 [0093] Hie thermally foamable microsphere of the present Invention, because the shell polymer has a reduced de- 
pendency of Its modulus of elasticity on temperature, enables the temperature well suited for uniform-foaming process- 
ing to be chosen from a far wider range, as will be explained with reference to Fig. 1 . 

[0094] Fig. 1 Is a graph showing the shell's modulus of elasticity vs. temperature relations. The modulus elasticity 
of the shell polymer (a) of a conventional thermally foamable microsphere drops steeply with increasing temperature; 
so the temperature range (a2-a1 ) allowed for the elastic modulus region where proper (uniform) foaming takes place is 
narrow. 

[0095] In contrast to this, the modulus of elasticity of the shell polymer (b) of the thermally foamable microsphere of 
the present Invention drops gently with increasing temperature; the temperature range (b2-b1) allowed for the elastic 
modulus region where uniform foaming occurs Is so wide that the temperature well suited for uniform-foaming process- 
55 ing can be chosen from a far wider range. 

[0096] Although not particularly critical, the thermally foamable microsphere of the present invention has an average 
particle diameter In the range of usually 3 to 1 00 um, and preferably 5 to 50 urn. it Is here noted that too small an 
average particle diameter causes foaming capability to become Insufficient, and too large an average particle diameter 
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is not preferable especially in applications where attractive appearances are needed, because of coarsening surfaces, 
and because resistance to shear force, too, becomes less than satisfactory. 

[0097] The coefficient of particle diameter distribution variation of the thermally foamable microsphere according to 
the present Invention is, but is not limited to, preferably 1 .50% or lower In applications where particularly sharp foaming 
5 is required. The coefficient of particle diameter distribution variation is more preferably 1 .30% or lower, and even more 
preferably 1 .1 0% or lower. 

[0098] Coexistence of thermally foamable microspheres having large and small particle diameters causes an in- 
crease In the coefficient of particle diameter distribution variation. Thermally foamable microspheres having a large 
particle diameter are more likely to become low in the foaming start temperature than those having a small particle 
10 diameter. To achieve u nlf orm foaming while premature foaming Is warded off , It Is desired that the coefficient of variation 
of thermally foamable micro-spheres be kept small. 

Thermally foamable microspheres having an extremely reduced coefficient of particle diameter distribution variation, 
for instance, may be obtained by the aforesaid methods (i) and (ii). 

[0099] The "coefficient of particle diameter distribution variation" used herein Is understood to refer to a value cal- 
culated from the following equations (1) and (2): 



"~10O& q 'l 2 J 



Here \l is an average value, Xj Is a particle diameter, and qj is a frequency distribution. 

3Q [0100] The content of the foaming agent In the thermally foamable microsphere of the present Invention Is In the 
range of usually 5 to 50% by weight, and preferably 7 to 35% by weight on a total weight basis. Too low a foaming 
agent content causes the expansion ratio to become insufficient whereas too much causes the shell to become thin, 
and so makes premature foaming or shell ruptures likely to occur by shear force upon heated for processing. 
[0101] For the foaming agent used herein, use may be made of low-boiling organic solvents, and compounds that 

35 are decomposed by heating to generate gases. Among these, the low-boiling organic solvents are preferred. The 
foaming agent used Is selected from compounds that gasify at temperatures lower than the softening point of the shell- 
forming polymer. 

[0102] Usually, the shell of the thermally foamable microsphere of the present Invention Is formed of a polymer that 
has improved gas barrier properties and heat resistance. To be specific, the shell may be formed using a variety of 
40 polymerizable monomers, e.g., acrylic ester, (meth)acrylonitrile, vinylldene chloride, vinyl chloride and styrene as al- 
ready mentioned above. Preferred among these are vinylldene chloride (co)polymers and (meth)acrylonltrile (copol- 
ymers because high degrees of tradeoffs can be made between gas barrier properties, solvent resistance, heat resist- 
ance and foaming capability. According to the present invention, thermally foamable microspheres exhibiting a variety 
of foaming behaviors may be obtained by control of combinations and composition ratios of the polymerizable mono- 
mars used and selection of the type of the foaming agent used. 

[01 03] The thermally foamable microspheres of the present Invention are particularly Improved In terms of process- 
ability, with foaming properties (thermal expansibility) well balanced with processabillty. The thermally foamable mi- 
crospheres of the present Invention, albeit using the crossllnklng agent at a proportion of greater than 1% by weight, 
keep thermal expansibility intact or have a maximum expansion ratio of 5 or greater. The maximum expansion ratio is 
so in the range of preferably 1 0 or greater, and more preferably 20 or greater, and in most cases, it is possible to achieve 
a maximum expansion ratio of 30 to 60. 

[0104] In the thermally foamable microsphere of the present Invention, the modulus of elasticity of the shell formed 
of the polymer Is less dependent on temperature. The thermally foamable microsphere of the present invention ensures 
a wide temperature range well suited for processing. The thermally foamable microsphere of the present Invention has 
55 high capabilities of ensuring resistance (chemical resistance and solvent resistance) to polar solvents, plasttcizers, 
etc. and having foaming properties. These properties that the thermally foamable microsphere of the present invention 
possesses are specifically shown In the examples given later. 

[0105] Among exemplary properties that the thermally foamable microsphere of the present Invention has, there Is 



10 



EP 1 288 272 A1 

a limited dependency of foaming on temperature. For Instance, when the shell polymer of the thermally foam able 
microsphere of the present Invention is a vlnylldene chloride (co)polymer as already mentioned, the ratio of the max- 
imum expansion ratio to the expansion ratio R 2 at a temperature 1 0°C higher than the temperature at which R 1 is 
obtained, R^R-j, Is In the range of usually 0.8 to 0.4, preferably 0.9 to 0,5, and more preferably 1 to 0.5. 

5 [0106] When the shell polymer of the thermally foamabie microsphere ol the present Invention is a (meth) acrylonitrile 
copolymer (wherein the proportion of (meth) acrylonitrile copolymerlzed Is equal to or greater than 30% by weight to 
iess 80% by weight) as already mentioned, the ratio of the maximum expansion ratio to the expansion ratio R2 at 
a temperature 5°C higher than the temperature at which is obtained, R^R,, Is In the range of usually 1 to 0.8, 
preferably 1 to 0.85, and more preferably 1 to 0.9. 

10 [0107] When the shell polymer of the thermally foamabie microsphere of the present Invention Is a (meth)acrylo- 
nitrile (co)poiymer (wherein the proportion of (meth) acrylonitrile is 80 to 100% by weight), in particular, the aforesaid 
bifunctlonal crosslinkable monomer having a flexible chain can be used as the crossllnkable monomer at a proportion 
of greater than 1% by weight to 5% by weight, thereby obtaining a thermally foamabie microsphere that has improved 
process ability and chemical resistance with a high degree of foaming capabillty.maintalned, while the dependency of 
the shell's modulus of elasticity on temperature Is reduced. 

3. APPLICATION FIELD 

[0108] The thermally foamabie micro spheres of the present invention may find various applications while they are 
20 foamed by heating (thermally expanded) or they remain unfoamed. 

[0109] Taking advantage of expansibility, for Instance, the thermally foamabie microspheres of the present invention 
maybe used as fillers for paints for automobiles, wallpapers, foaming agents for foaming inks (for applying relief patterns 
to T-shirts, etc.), shrink preventives or the like. 

[0110] Making good use of volume increases by foaming, the thermally foamabie microspheres of the present in- 
25 vention may also be used for the purposes of reducing the weights of plastics, paints, various materials, etc., or making 
them porous or Imparting various functions (e.g., slip properties, heat Insulation, cushioning properties, and sound 
insulation) to them. 

[01 11] The thermally foamabie microspheres of the present Invention may have additional applications In paint, wall- 
paper and ink fields wherein surface properties and smoothness are required. The thermally foamabie microspheres 
30 of the present Invention, because of having improved processablltty, may be suitably applied to fields where processing 
steps such as kneading, calendering, extrusion, and injection molding steps are required. 

EXAMPLES 

6 [011 2] The present invention Is now explained more specifically with reference to inventive, and comparative exam- 
ples. How to measure physical properties and various properties Is first given below. 

(1) Expansion Ratio and Maximum Expansion Ratio 

40 [0113] Thermally foamabie microspheres (0.7 gram) were placed in a Geer oven wherein they were heated at a 
given temperature (foaming temperature) for 2 minutes for foaming. The obtained foams were placed In a graduated 
cylinder to measure their volume, which was then divided by the volume of the unfoamed microspheres to find an 
expansion ratio. In this case, the expansion ratio was measured while the foams were heated from 1 00°C at an incre- 
ment of 5 D C to find a foaming temperature at which the highest expansion ratio was obtained. This highest expansion 

45 ratio Is herein defined as the maximum expansion ratio. 

(2) Average Particle Diameter 

[01 14] Using a particle diameter distribution meter SALD-3000J made by Shimadzu Corporation, the median diam- 
50 eter of microspheres was measured on a weight basis. This median diameter is herein defined as the average particle 
diameter. 

(3) Modulus of Elasticity 

55 [Q1 1 5] Thermally foamabie microspheres were foamed. After as much foaming agent as possible was removed, the 
foams were hot pressed on a hot press into a sheet, out of which a test piece of 1 cm x 1 .5 cm x 0.25 cm was cut. 
Using Rheograph Solid made by Toyo Selkl Selsakusho, the test piece was heated at a frequency of 10 Hz and a 
heating rate of 3 e C/mlnute In a nitrogen atmosphere to measure the modulus of elasticity. 
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(4) Expansion Ratio in Binder System 

[01 16] Provided is an ethylene-vinyl acetate copolymer emulsion (having a concentration of 55% by weight) contain- 
ing an ethylene-vlnyl acetate copolymer (EVA; ethytene/vlnyl acetate = 30/70% by weight). Then, thermally foamable 
5 microspheres are added to the emulsion at a proportion of 1 part by weight per 5 parts by weight of EVA to prepare a 
coating solution. This coating solution Is applied on double-coated paper by means of a coater with a 200 ujn gap, 
which paper is dried, and then loaded in an oven of given temperature, wherein it is heated for 2 minutes. The expansion 
ratio Is herein defined by the thickness ratio before and after foaming. 

to (5) Chemical resistance 

[01 17] Two parts by weight of a plastlclzer dllsononyl phthalate and one part by weight of thermally foamable micro- 
spheres are charged in a glass test tube to prepare a plasticizer solution. This plasticizer solution is heated at 1 40°C 
using an oil bath to observe whether or not foaming takes place and to what degree the viscosity of the plasticizer 
solution Is Increased, with the lapse of time. 

(6) Expansion Ratio In Plastlclzed PVC Sheet 

[01 18] Three parts by weight of thermally foamable microspheres are added to a total of 1 00 parts by weight of 50 
20 parts by weight of polyvinyl chloride resin (S903 made by Kureha Chemical Industry Co., Ltd.) and 50 parts by weight 
of dloctyl phthalate (DOP) to prepare a compound. This compound is roll kneaded at 120°C for 2 minutes to make a 
1 mm-thick sheet. This sheet is cut into a test piece 3x4 cm square, which is foamed In an oven of 200°C for 5 minutes 
and 10 minutes, respectively. The expansion ratio (%) Is calculated by measuring the specific gravity of the test piece 
before and after foaming. 

25 

[Comparative Example 1] 

[0119] A total of 470 grams of an aqueous dispersion medium was prepared, which consisted of 80.5 grams of 
colloidal silica having a solid content of 20%, 3.0 grams of a 50% aqueous solution of a diethanolamine-adipic acid 
30 condensation product, 164.1 grams of sodium chloride, 2.2 grams of a2.5% aqueous solution of potassium bichromate, 
0.1 gram of hydrochloric acid and deionized water 

[0120] On the other hand, a polymerlzable mixture was prepared, which consisted of 1 41 .7 grams of acrylonltrile, 
67.1 grams of methacrylonltrlle, 1 1.2 grams of methyl methacrylate, 0.67 gram of a trlf unction al crossllnkabie monomer 
trlmethylolpropanetrlmethacrylate, 26.1 grams of n-pentane, 14.9 grams of petroleum ether and 1 .1 grams of azobl- 

35 si8obutyronitrile (the weight % of the monomer components = aery Ion Stri la/met hacrylonitrile/methy I methacrylate = 
64.4/30.5/5.1 ; the amount of the crossllnkabie monomer used = 0.3% by weight of the monomer components). 
[0121] This polymerizable mixture and the aqueous dispersion medium were stirred and mixed together in such a 
batch-wise high-speed rotation, high-shear type dispersing machine as shown in Fig. 4, thereby forming minute droplets 
of the polymerizable mixture. The aqueous dispersion medium containing a minute droplet form of polymerlzable mix- 

40 ture was charged in a polymerization vessel (1 .5 L) having a stirrer, wherein a 20-hour reaction was carried out at 60°C 
using a warm water bath. 

[0122] The obtained reaction product was repeatedly filtrated and washed with water using a centrifugal machine to 
obtain a wet cake, which was then dried round the clock, thereby obtaining thermally foamable micro-spheres (MS-A) 
having an average particle diameter of about 25 um and a coefficient of particle diameter distribution variation of 1 .7%. 
« [0123] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-A) was found 
to be about 50 at 1 70°C. The results are shown In Table 1 . This Comparative Example 1 was carried out according to 
Example 2 of JP-B 5-1 5499. 

[Example 1] 

so 

[0124] Thermally foamable microspheres (MS-1 ) having an average particle diameter of about 26 urn and a coeffi- 
cient of particle diameter distribution variation of 1 .7% were obtained In the same manner as In Comparative Example 
1 except that 3.5 grams of a Afunctional crossllnkabie monomer diet hy len e glycol dimethacrylate (the amount of the 
crossllnkabie monomer used = 1 .6% by weight of the monomer components) were used Instead of 0.67 gram of the 
55 trifunctional crossllnkabie monomer trimethylolpropane tri math aery late. 

[0125] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-1) was found 
to be about 50 at 170°C. The results are shown In Table 1 . 
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[Comparative Example 2\ 

[0126] Thermally foamable microspheres (MS-B) having an average particle diameter of about 26 jim were obtained 
In the same manner as In Comparative Example 1 except that the amount of the trifunctlonal crossllnkable monomer 
s trimethylolpropane trimethacrylate used was changed from 0.67 gram to 3.5 grams. 

[0127] The thermally foamable microspheres (MS-B) were hardly foamed anywhere exceeding 1 40°C, because the 
resin components forming the shells were crosslinked together to such a high degree that they lost greatly their own 
thermoplastic resin properties. The results are shown In Table 1 . 

10 Table 1 





Comp.Ex. 1 


Example 1 


Comp.Ex. 2. 


Monomer (wt.%) 


Acrylonitrile 


64.4 


64.4 


64.4 


Methacrylonitrile 


30.5 


30.5 


30.5 


Methyl methacrylate 


5.1 


5.1 


5.1 


Crosslinkable monomer 








(1) Trimethylolpropane 








trimethacrylate 


0.3 




1.6 


(2) Dlethylene gtycol 








Dimethacrylate 




1.6 




Microsphere 


Average particle diameter (urn) 


25 


26 


26 


Max. Expansion ratio 


50 


50 


No foaming 


Foaming behavior In EVA emulsion 


Upon foamed at 1 70° C 


5.5 


5.5 




Upon foamed at 190°C 


3.7 


4.3 




Modulus of elasticity of shell polymer (N/m 2 ) 


Measured at 140°C 


35X10* 


50X1 0 6 




Measured at 190°C 


9.0x1 0 8 


14.5x10 s 




Chemical resistance 


Plasticizer solution (*2)was heated to 140°C 










(A) 


(B) 





Note 

40 P): The thickness ratio before end after foaming of the EVA emulsion coating layer containing thermally foamable microspheres. 

f 2): The plasticizer solution Is composed of 2 parts by weight of dllsononyt phthalate and 1 part by weight of thermally foamable microspheres. 

(A) : A portion of the solution was foamed with Increased viscosity after 6 minutes. 

(B) : The solution was not foamed at all even after the lapse of 7 minutes. 

Considerations 
43 

[01281 The thermally foamable microspheres (MS-1) of ExampleVl have a maximum expansion ratio of as high as 
50 at the foaming temperature of 170°C, irrespective of the amount of the crossllnkable monomer used exceeding 1% 
by weight of the monomer components. In contrast to this, the thermally foamable microspheres (MS-B) of Comparative 
Example 2 using the Afunctional crosslinkable monomer at a proportion of 1 .6% by weight of the monomer components 
50 are substantially deprived of thermal foaming capability because the shell-forming polymer is crosslinked up to a high 
level. 

[0129J Referring to the loaming behaviors of the microspheres In the EVA emulsions, MS-1 of Example 1 shows an 
expansion ratio of 5.5 at 170°C at which the maximum expansion ratio was obtained, maintaining the same high ex- 
pansion ratio as that of MS-A, although the amount of the crossllnkable monomer Is 5.2 times on a weight basis (5.2 
55 times on a molar basis) as large as that in MS-A of Comparative Example 1 . In addition, the expansion ratio of MS-1 
at a higher temperature of 1 90°C is 4.3 that is still higher than 3.7 for MS-A, indicating that MS-1 has improved heat 
resistance. 
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[0130] Referring then to the modulus of elasticity of the shell polymers at 140°C, that of MS-1 of Example 1 is 1.4 
times as high as that of MS-A of Comparative Example 1 that is a typical conventional thermally foamable microsphere. 
In other words, it Is found that the thermally foamable microsphere of the present Invention is resistant to higher shear 
force and excellent In heat resistance. At a higher temperature of 1 90°C, the modulus of elasticity of the shell polymer 
$ of MS-1 according to Example 1 is 1.6 times as high as that of MS-A according to Comparative Example 1 . This means 
that the thermally foamable microsphere of the present Invention can keep the expansion ratio high because the particle 
is less susceptible to shrinkage, and ensures a far wider range of temperature well suited for processing than ever 
before. 

[01 31 ] Referring to the evaluation of chemical resistance, the plasticizer solution containing MS-A of Comparative. 
10 Example 1 was locally foamed after heated at 1 40°C for 6 minutes, with the result of a noticeable viscosity Increase. 
By contrast, the plasticizer solution containing MS-1 of Example 1 did not show any local foaming after heated at 140° C 
for 6 minutes, and did not even after the lapse of a further 7 minutes, either. 

[Comparative Example 3) 

15 

[0132] A total of 520 grams of an aqueous dispersion medium was prepared, which consisted of 12 grams of colloidal 
silica, 1 .4 grams of a diethanolamlne-adlplc acid condensation product, 154 grams of sodium chloride, 0.12 gram of 
sodium nitrite, 0.2 gram of hydrochloric acid and delonlzed water. 

[01331 On the other hand, a polymerizable mixture was prepared, which consisted of 130 grams of acrylonitrife, 60 
20 grams of methacrylonttrlle, 1 0 grams of Isobornyl methacrylate, 1 gram of a trlfunctlonal crossllnkable monomer trl- 
methylolpropane trlmethacrylate, 38 grams of n-pentane, and 1 .2 grams of azobislsobutyronltrlle (the weight % of the 
monomer components = acrylonitrile/ methacrylonitrile/lsobomyl methacrylate = 65/30/5; the amount of the crosslink- 
able monomer used = 0.5% by weight of the monomer components). 

[0134] This polymerizable mixture and the aqueous dispersion medium were stirred and mixed together in such a 
25 batch-wise high-speed rotation, high-shear type dispersing machine as shown in Fig. 4, thereby forming minute droplets 
of the polymerizable mixture. 

[0135] The aqueous dispersion medium containing a minute droplet form of polymerizable mixture was charged in 
a polymerization vessel (1 .5 L) having a stirrer, wherein a 22-hour reaction was carried out at 60°C using a warm water 
bath. The obtained reaction product was repeatedly filtrated and washed with water using a centrifugal machine to 
30 obtain a wet cake, which was then dried for a whole day and night, thereby obtaining thermaily foamable microspheres 
(MS-C) having an average particle diameter of about 28 jim and a coefficient of particle diameter distribution variation 
of 1.8%. 

[0136] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-C) was found 
to be about 55 at 1 70 a C. This Comparative Example 3 was carried out according to Example 2 of JP-B 5-285376. The 
35 results are set out in Table 2. 

[Example 2] 

[0137] Thermally foamable microspheres (MS-2) having an average particle diameter of about 30 urn and a coeffl- 
40 cient of particle diameter distribution variation of 1 .6% were obtained in the same manner as in Comparative Example 
3 except that 3.5 grams of a Afunctional crossllnkable monomer Methylene glycol dlmethacrylate (the amount of the 
crosslinkabie monomer used = 1 .6% by weight of the monomer components) were used instead of 1 gram of the 
[afunctional crosslinkabie monomer trimethylolpropane tri methacrylate. 

[0138] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-2) was found 
45 to be about 55 at 170°C. The results are set out In Table 2. 



Table 2 





Comparative Example 3 


Example 2 


Monomer (wt.%) 


Acrylonitrile 


65.0 


65.0 


Methacrylonitrile 


30.0 


30.0 


Isobornyl methacrylate 


5.0 


5.0 


Crosslinkabie monomer 


(1) Trimethylolpropane trlmethacrylate 


0.5 




(2) Diethylene glycol 
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Table 2 (continued) 





Comparative Example 3 


Example 2 


Crosslinkable monomer 


Dimethacrylate 


1.6 


Microsphere 


Average particle diameter (urn) 


28 


30 


Max. expansion ratio 


55 


55 


Modulus of elasticity of shell polymer (N/m 2 ) 


Measured at 194°C 


15x10 s 


15x1 0 6 


Measured at210°C 


5.3X1 0 6 


Hx10 6 



Considerations 

[0139] Referring to the modulus of elasticity of the shell polymers at a measurement temperature of 1 94°C, that of 
the thermally foamable microsphere (MS-2) according to Example 2 was much the same as that of MS-C according 
to Comparative Example 3 that is a typical conventional thermally foamable microsphere. At a higher measurement 
temperature of 21 0*C, however, the modulus of elasticity of the shell polymer of MS-2 is found to be 2.8 times as high, 
as that of MS-C. 

[0140] it is also found that in a temperature range from 1 94°C to 21 0°C, the decrease in the modulus of elasticity of 
the shell polymer of MS-2 according to Example 2 is very limited. This means that the thermally foamable microsphere 
of the present invention can kept the expansion ratio high because the particle is less susceptible to shrinkage in the 
high temperature region, and that a far wider range of processing temperature than ever before is ensured. To put it 
another way, the microsphere of the present invention has resistance to much higher shear force, and heat as well. 



[Example 3] 

[0141 ] An aqueous dispersion medium was prepared by charging in a polymerization vessel (1 .5 L) having a stirrer 
a total of 557 grams of 1 6.5 grams of colloidal silica, 1.6 grams of a diethanolamine-adipic acid condensation product, 
1 69.8 grams of common salt, 0.11 gram of sodium nitrite, and water. By the addition of hydrochloride acid the pH of 
the aqueous dispersion medium was regulated to 3.2. 

[0142] On the other hand, a polymerizable mixture was prepared, which consisted of 147.4 grams of acrylonitriie, 
70.4 grams of meth acrylonitriie, 2.2 grams of methyl methacrylate, 3.5 grams of diethylene glycol dimethacrylate, 41 .8 
grams of isopentaneand 1 .32 grams of azobisisobutyronitrile (theweight% of the monomer components = acrylonitriie/ 
methacrylonitriie/m ethyl methacrylate - 67/32/1 ; the amount of the crosslinkable monomer used = 1 .6% by weight of 
the monomer components). 

[0143] This polymerizable mixture and the aqueous dispersion medium prepared as already referred to were stirred 
and mixed together in such a batch-wise high-speed rotation, high-shear type dispersing machine as shown in Fig. 4, 
thereby forming minute droplets of the polymerizable mixture. 

[0144] The aqueous dispersion medium containing a minute droplet form of polymerizable mixture was charged in 
a polymerization vessel (1 .5 L) having a stirrer, wherein a 45-hour reaction was carried out at 60°C using a warm water 
bath. The obtained reaction product was repeatedly filtrated and washed with water to obtain a wet cake, which was 
then dried, thereby obtaining thermally foamable microspheres (MS-3) having an average particle diameter of about 
30 u,m and a coefficient of particle diameter distribution variation of'1 .8%. 

[0145] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-3) was found 
to be about 50 at 170 D C. The results are reported in Table 3. 

[Example 4] 



[0146] Thermally foamable microspheres (MS-4) having an average particle diameter of about 30 ujti and a coeffi- 
cient of particle diameter distribution variation of 2.1% were obtained in the same manner as in Example 3 except that 
the amounts of the monomers charged were varied in such a way as to give such a weight ratio of the monomer 
components charged as represented by acrylonitrile/methacrylonitrile = 70/30. 

[0147] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-4) was found 
to be about 50 at 170°C The results are reported in Table 3. 
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[Comparative Example 4] 

[0148] Thermally foamable microspheres (MS-D) having an average particle diameter of about 30 um and a coeffi- 
cient of particle diameter distribution variation of 1 .6% were obtained In the same manner as in Example 3 except that 
5 0.6 gram of a trif unctional crosslinkable monomer trimethylolpropane trimethacrylate (the amount of the crosslinkable 
monomer used = 0.3% by weight of the monomer components) was used In place of 3.5 grams of the Afunctional 
crosslinkable monomer diethylene glycol dimethacrylate. The expansion ratio (maximum expansion ratio) of the ther- 
mally foamable microspheres (MS-D) was found to be about 50 at 170 fi C. The results are reported In Table 3, 

io [Comparative Example 5] 

[0149] Thermally foamable microspheres (MS-E) having an average particle diameter of about 30 u.m and a coeffi- 
cient of particle diameter distribution variation of 1 .9% were obtained in the same manner as in Example 4 except that 
0.6 gram of a trif unctionaJ crosslinkable monomer trimethylolpropane trimethacrylate (the amount of the crosslinkable 
19 monomer used = 0.3% by weight of the monomer components) was used In place of 3.5 grams of the Afunctional 
crosslinkable monomer diethylene glycol dimethacrylate. The expansion ratio (maximum expansion ratio) of the ther- 
mally foamable microspheres (MS-E) was found to be about 50 at 1 70°C. The results are reported In Table 3. 



Table 3 
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Ex.3 


Ex.4 


Comp.Ex. 4 


Comp.Ex. 5 




Monomer (wt.%) 




Acrylonitrile 


67.0 


70.0 


67.0 


70.0 


25 


Methacrylonitrile 


32.0 


30.0 


32.0 


30.0 


Methyl methacryiate 


1.0 




1.0 






Crosslinkable monomer 












(1) Trimethylolpropane 






0.3 


0.3 




trimethacrylate 










30 


(2) Diethylene glycol 












dimethacrylate 


1.6 


1.6 








Microsphere 




Average particle 


30 


30 


30 


30 


35 


diameter (mm) 












Max. expansion ratio 


50 


50 


50 


50 




Plastlclzed PVC sheet <* 1 ); Expansion ratio (%) In 200°C oven (*2) 




After 5 minutes 


250 


250 


180 


200 


40 


After 10 minutes 


220 


170 


120 


125 



Note: 

ft) One-mm thick sheet prepared by kneading 100 grams of a mixture of SO parts by weight of PVC, 50 parts by weight or DOP and 3 parts by 
weight of thermally foamable microspheres using a rotating roll of 120°C for 2 minutes. 

f 2) Expansion ratios (%) were calculated from specific gravity measurements of a sheet 3x4 cm square before and after foaming In a 2Q0°C oven. 



Considerations 

[0150] Each of the plasticized PVC sheets containing the thermally foamable microspheres (MS-3 and MS-4) ob- 
tained in Examples 3 and 4 shows a high degree of expansion ratio after 5 minutes at 200° C, and maintains that high 
expansion ratio even after 1 0 minutes at 200°C. 

[0151] In contrast to this, each of the plastlclzed PVC sheets containing the thermally foamable microspheres (MS-D 
and MS-E) of Comparative Examples 4 and 5 was found to undergo vigorous foaming at 120°C; the expansion ratio 
after 5 minutes at 200°C was low and there was a noticeable decrease in the expansion ratio after 1 0 minutes at 200°C. 
That Is, the so-called n f iattening" phenomenon was observed. 

[Comparative Example 6) 

[0152] An aqueous dispersion medium was prepared, using 5 grams of colloidal silica, 0.5 gram of adiethanolarriine- 
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adlpic acid condensation product, 0.1 2 gram of sodium nitrite and water in a total amount of 600 grams. By the addition 
of hydrochloric acid, the pH of the aqueous dispersion medium was regulated to 3.2. 

[0153] On the other hand, a polymerizable mixture was prepared, which consisted of 120 grams of acrytonltrile,66 
grams of methyl methacrylate, 0.4 gram of a trtfunctlonal crossllnkable monomer trlmethylolpropane trimethacrylate, 
5 70 grams of isopentane and 1 .2 grams of 2.2 , -azobis(2.4-dimethylvaleronitrile) (the weight % of the monomer compo- 
nents = acrytonltrlle/methyl methacrylate = 50/50; the amount of the crossllnkable monomer used = 0.2% by weight of 
the monomer components). 

[0154] This polymerizable mixture and the aqueous dispersion medium were stirred and mixed together In such a 
batch-wise high-speed rotation, high-shear type dispersing machine as shown in Fig. 4, thereby preparing minute 

10 droplets of the polymerizable mixture. 

[0155] The aqueous dispersion medium containing a minute droplet form of polymerizable mixture was charged in 
a polymerization vessel (1 .5 L) having a stirrer, wherein a 22-hour reaction was carried out at 53°C using a warm water 
bath. The obtained reaction product of phi 6.3 was repeatedly filtrated and washed with water. The resultant product 
was then dried, thereby obtaining thermally foamable microspheres (MS-F) having an average particle diameter of 

w about 1 4 u.m and a coefficient of particle diameter distribution variation of 1 .6%. 

[0156] The expansion ratio (maximum expansion ratio) of the thermally foamable microspheres (MS-F) was found 
to be about 18 at 145°C, and about 12 at 150°C. The results are reported In Table 4. 

[Example 5] 

20 

[0157] Thermally foamable microspheres (MS-5) having an average particle diameter of about 1 5 urn and a coeffi- 
cient of particle diameter distribution variation of 1 .7% were obtained in the same manner as in Comparative Example 
6 except that 3.2 grams of a birunctlonal crossllnkable monomer dlethytene glycol dlmethacrylate (the amount of the 
crossllnkable monomer used - 1.6% by weight ol the monomer components) were used in place of 0.4 gram of the 
25 trif unctional crosslinkable monomer trimethyiolpropane trimethacrylate. 

[0158] This thermally foamable microsphere (MS-5) was found to have an expansion ratio (maximum expansion 
ratio) of about 40 at 145°C, and maintain a maximum expansion ratio of as high as about 40 even at an elevated 
foaming temperature of 150°C. The results are enumerated In Table 4. 

30 Table 4 
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Comparative Example 6 


Example 5 


Monomer (wt.%) 


Acrylonitrile 


50.0 


50.0 


Methyl methacrylate 


50.0 


50.0 


Crossllnkable monomer 






(1) Trlmethylolpropane trlmethacrylate 


0.2 




(2) Diethylene glycol 






Dimeth aery late 




1.6 


Microsphere 


Average particle diameter Qim) 


14 


15 


Expansion ratio 






Foamed at 146°C 


18 


40 


Foamed at 150°C 


; 12 


40 



[Comparative Example 71 

so [0159] An aqueous dispersion medium was prepared, using 8.6 grams of colloidal silica, 0.8 gram of a dleth- 
anolamine-adipic acid condensation product, 0.13 gram of sodium nitrite and water in a total amount of 528 grams. 
[0160] On the other hand, a polymerizable mixture was prepared, which consisted of 143 grams of vinylidene chloride, 
66 grams of acrylonitrile, 11 grams of methyl methacrylate, 0.33 gram of trimethyiolpropane trimethacrylate, 2.2 grams 
of Isopropylperoxy dlcarbonate and 35.2 grams of Isobutane (the weight % of the monomer components = vinylidene 

55 chlorlde/acrylonltrile/methyl methacrylate = 65/30/5; the amount of the crosslinkable monomer used = 0. 15% by weight 
of the monomer components). 

[0161] This polymerizable mixture and the aqueous dispersion medium prepared as referred to above were stirred 
and mixed together by means of such a batch-wise high-speed rotation, high-shear type dispersing machine as shown 
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in Fig. 4 to form minute droplets of the polymerizabie mixture, which were charged into a polymerization vessel wherein 
a 22-hour reaction was carried out at 50°C. The obtained reaction product was repeatedly filtrated and washed with 
water, and then dried, thereby obtaining thermally foamable microspheres (MS-G) having an average particle diameter 
of about 15 pm and a coefficient of particle diameter distribution variation of 1 .6%. 
5 [0162] This thermally foamable microsphere (MS-G) was found to have an expansion ratio (maximum expansion 
ratio) of about 50 at 120°C. At an elevated foaming temperature ol 130°C, however, the expansion ratio plummeted 
down to about 1 6. The results are enumerated in Table 5. 

[Example 6] 

10 

[0163] Thermally foamable microspheres (MS- 6) having an average particle diameter of about 1 5 ^un and a coeffi- 
cient of particle diameter distribution variation of 1 .7% were obtained In the same manner as In Comparative Example 
7 except that 3.5 grams of a bifunctional crosslinkable monomer dietfiylene glycol dimeth aery late (the amount of the 
crosslinkable monomer used = 1 .6% by weight of the monomer components) were used in place of 0.33 gram of the 
trlf unctlonal crosslinkable monomer trimethytolpropane . trimethacrylate. 

[0164] This thermally Foamable microsphere (MS-6) was found to have an expansion ratio (maximum expansion 
ratio) of about 50 at 120°C, and maintain an expansion ratio of as high as about 35 even at an elevated foaming 
temperature of 130°C. The results are enumerated in Table 5. 

20 Table 5 
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Comp. Ex. 7 


Example 6 


Monomer (wt.%) 


Vlnylidene chloride 


65.0 


65.0 


Acrylonitrile 


30.0 


30.0 


Methyl methacrylate 


5.0 


5.0 


Crosslinkable monomer 






(1 ) Trimethylolpropane trimethacrylate 


0.15 




(2) Diethylene glycol 






Dimeth acrylate 




1.6 


Microsphere 


Average particle diameter (ujti) 


15 


15 


Expansion ratio 






Foamed at 120°C 


SO 


50 


Foamed at 130°C 


18 


35 



[Example 7] 

40 

[0165] Thermally foamable microspheres (MS- 7) having an average particle diameter of about 25 ujti and a coeffi- 
cient of particle diameter distribution variation of 0.3% were obtained in the same manner as in Comparative Example 
1 except that 3.5 grams of a bifunctional crosslinkable monomer diethylene glycol dimethacrylate (the amount of the 
cross- linkable monomer used = 1 .8% by weight of the monomer components) were used in lieu of 0.67 gram of the 

45 trif unctional crosslinkable monomer trimethylolpropane trimethacrylate and that when the polymerizabie mixture and 
aqueous dispersion medium were stirred and mixed together, the aqueous dispersion medium and polymerizabie mix- 
ture were each held in a separate vessel, as shown in Fig. 2, and they were continuously passed from the respective 
vessels at a given constant ratio through a continuous high-speed rotation, high-shear type stirring/dispersing machine, 
followed by suspension polymerization. 

so [0166] This thermally foamable microsphere (MS-7) was found to have an expansion ratio (maximum expansion 
ratio) of about 50 at 170°C. A plasticizer solution containing such thermally foamable microspheres (MS-7) were free 
from any local foaming even after held at 140°C for 8 minutes. On the other hand, a plasticizer solution containing the 
thermally foamable microspheres (MS-1) of Example 1 was found to start some, if not large, local foaming after the 
lapse of 6 minutes, presumably for the reasons of the effects of the type and amount of the crosslinkable monomer 

55 used as well as the fact that the particle diameter distribution of MS-7 is sharper than that of MS-1 . 
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[Example B] 

[0167] Thermally foamable microspheres (MS-8) having an average particle diameter of about 30 ujti and a sharp 
particle diameter distribution as expressed by a coefficient of particle diameter distribution variation of 0.3% were 

5 obtained in the same manner as in Example 3 except that when the polymerizable mixture and aqueous dispersion 
medium were stirred and mixed together, the aqueous dispersion medium and polymerizable mixture were each held 
in a separate vessel, as shown in Fig. 2, and they were continuously passed from the respective vessels at a given 
constant ratio through a continuous high-speed rotation, high-shear type dispersing machine, followed by suspension 
polymerization. This thermally foamable microsphere (MS-8) was found to have an expansion ratio {maximum expan- 

10 slon ratio) of about 50 at 1 70°C. 

[0168] The thickness of a plasticized PVC sheet (see Table 3) containing the thermally foamable microspheres (MS- 
3) of Example 3 was found to be about 10% larger than that of an MS-3 free plasticized PVC sheet on the basis of a 
1 -mm thick sheet prepared by a 2-minute kneading on a rotating roll of 120°C. 

[0169] In contrast to this, the thickness of a plasticizer PVC sheet containing the thermally foamable microspheres 
(MS-8) was found to remain substantially sfrnllar to that of an MS-8 free plasticized PVC sheet on the basis of a 1 -mm 
thick sheet prepared by a 2-minute kneading on a rotating roll of 1 20°C. It follows that MS-8 is improved In local foaming 
properties on roll kneading (or less susceptible to local foaming). 

[Example 9] 

20 

[0170] Thermally foamable microspheres (MS-9) having an average particle diameter of about 15 *im and a sharp 
particle diameter distribution as expressed by a coefficient of particle diameter distribution variation of 0.5% were 
obtained In the same manner as In Example 5 except that when the polymerizable mixture and aqueous dispersion 
medium were stirred and mixed together, the aqueous dispersion medium and polymerizable mixture were each held 
25 jn a separate vessel, as shown in Fig. 2, and they were continuously passed from the respective vessels at a given 
constant ratio through a continuous high-speed rotation, high-shear type dispersing machine, followed by suspension 
polymerization. This thermally foamable microsphere (MS-9) was found to have an expansion ratio (maximum expan- 
sion ratio) of about 40 at 145°C, and maintain a maximum expansion ratio of about 40 even at an elevated foaming 
temperature of 150°C. 

30 [0171] MS-9 and MS-5 (Example 5) were each coated on double-coated paper according to the measuring method 
of expansion ratio in a binder system. As these wet-coated papers were dried at a heating rate of 1°C/minute in a 
drying machine, MS-5 was foamed at a temperature lower than was MS-9. This means that the use of thermally foam- 
able microspheres having a sharp particle diameter distribution, like MS-9, makes It possible to apply high processing 
rates (high-speed, short-time drying). 

35 

[Example 10] 

[0172] Thermally foamable microspheres (MS-1 0) having an average particle diameter of about 1 5 usn and a coef- 
ficient of particle diameter distribution variation of 0.2% were obtained In the same manner as In Example 6 except 
^0 that when the polymerizable mixture and aqueous dispersion medium were stirred and mixed together, the aqueous 
dispersion medium and polymerizable mixture were each held In a separate vessel, as shown In Fig. 2, and they were 
continuously passed from the respective vessels at a given constant ratio through a continuous high-speed rotation, 
high-shear type dispersing machine, followed by suspension polymerization. 

This thermally foamable microsphere (MS-10) was found to have an expansion ratio (maximum expansion ratio) of 
« about 50 at 120°C, and maintain a maximum expansion ratio of about 35 even at an elevated foaming temperature of 
130 a C. 

[0173] As how MS-10 behaved on foaming was observed under a microscope having a hot stage at a heating rate 
of 5°C/mlnute, It was found that the thermally foamable microspheres (MS-10) were higher In the foaming temperature 
than the thermally foamable microspheres (MS-6) of Example 6. It is thus understood that MS-1 0 was sharply foamed. 

so 

INDUSTRIAL APPLICABILITY 

[0174] The present Invention provides a thermally foamable microsphere well suited for processing during which it 
receives strong shear force, such as kneading, calendering, extrusion, and Injection molding, and Its production proc- 
55 ess. The present invention also provides a thermally foamable microsphere in which the modulus of elasticity of the 
shell formed of a polymer is less dependent on temperature, and its production process. The thermally foamable mi- 
crospheres of the Invention are processable in a wider processing temperature range than ever before, and have high 
chemical andsolvent resistance and the high ability to maintain foaming capability. Furthermore, the Invention provides 
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a thermally foamable microsphere that combines the aforesaid properties with an extremely reduced coefficient of 
particle diameter distribution variation and sharpness of foaming. 



5 Claims 

1 . A thermally foamable microsphere having a structure in which a foaming agent is encapsulated in a shell formed 
of a polymer, wherein: 

10 (t) the shell formed of a polymer Is formed of a polymerthat Is obtained by polymerization of a polymerlzable 

monomer and a crosslinkable monomer used at a proportion of greater than 1% by weight up to 5% by weight 
based on the polymerlzable monomer, and 

(2) a maximum expansion ratio of the thermally foamable microsphere is at least 5. 

'J 2. The thermally foamable microsphere according to claim 1 , wherein the crosslinkable monomer Is a Afunctional 
crosslinkable monomer having two polymerlzable carbon-carbon double bonds. 

3. The thermally foamable microsphere according to claim 2, wherein the blfunctional crosslinkable monomer Is a 
compound having a structure in which two polymerlzable carbon-carbon double bonds are linked together via a 

20 flexible chain derived from a dlol compound selected from the group consisting of polyethylene glycol, polypropyl- 

ene glycol, an alkyldlol, an alkyl ether dlol and an alky! ester dlol, 

4. The thermally foamable microsphere according to claim 3, wherein the compound that Is the blfunctional crosslink- 
able monomer is at least one compound selected from the group consisting of polyethylene glycol di(meth)acrylate, 

25 polypropylene glycol di(meth)acrylate, an alkyldiol di(meth) aery late, an alkyl ether diol di(meth)acrylate and an 

alkyl ester dlol dl(meth)acrylate. 

5. The thermally foamable microsphere according to claim 1 , wherein the shell formed of a polymer Is formed of: 

30 (a) a vlnylldene chloride (co)poiymer obtained by polymerization of vinyl idene chloride alone or a mixture of 

vinylidene chloride with a vinyl monomer coporymerizable therewith as a polymerizable monomer, and a 
crosslinkable monomer, or 

(b) a (meth)acrylonltrlle co(polymer) obtained by polymerization of (meth)acryionltrlle alone or a mixture of 
(meth)acrylonltrile with a vinyl monomer copolymerizabie therewith as a polymerlzable monomer, and a 
35 crosslinkable monomer. 

6. The thermally foamable microsphere according to claim 5, wherein the vinylidene chloride (co)polymer is a co 
(polymer) that is obtained using as polymerizable monomers (A) 30 to 100% by weight of vinylidene chloride and 
(B) 0 to 70% by weight of at least one monomer selected from the group consisting of acrylonltrile, methacrylonltrlle, 

40 acrylic ester, methacrylic ester, styrene and vinyl acetate. 

7. The thermally foamable microsphere according to claim 5, wherein the vinylidene chloride (copolymer is a copol- 
ymer that is obtained using as polymerizable monomers (A1)40 to B0% by weight of vinylidene chloride, (B1) 0 
to 60% by weight of at least one monomer selected from the group consisting of aery lonitrile and methacrylonitrile, 

45 and (B2) 0 to 60% by weight of at least one monomer selected from the group consisting of acrylic ester and 
methacrylic ester. 

8. The thermally foamable microsphere according to claim 5, wherein the (meth)acrylonltrile ( copolymer Is a (co) 
polymer that is obtained using as polymerizable monomers (C) 30 to 1 00% by weight of at least one monomer 

so selected from the group consisting of acrylonitrile and methacrylonitrile and (D) 0 to 70% by weight of at least one 
monomer selected from the group consisting of vlnylldene chloride, acrylic ester, methacrylic ester, styrene and 
vinyl acetate. 

9. The thermally foamable microsphere according to claim 8, wherein the (meth)acrylonltrlle (co)polymer Is a (co) 
55 polymer that is obtained using as polymerizable monomers (C) 80 to 1 00% by weight of at least one monomer 

selected from the group consisting of acrylonitrile and methacrylonitrile and (D) 0 to 20% by weight of at least one 
monomer selected from the group consisting of vlnylldene chloride, acrylic ester, methacrylic ester, styrene and 
vinyl acetate. 
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10. The thermally foarnable microsphere according to claim 8, wherein the (meth)acrylonltrile (co)polymer is a copol- 
ymer that Is obtained using as polymerlzable monomers (C) 30% by weight to less than 80% by weight of at least 
one monomer selected from the group consisting of acrylonitrile and methacrylonitrile and (D) greater than 20% 
by weight up to 70% by weight of at least one monomer selected from the group consisting of vlnylldene chloride, 

s acrylic ester, methacrylic ester, styrene and vinyl acetate. 

1 1 . The thermally foarnable microsphere according to claim 5, wherein the (meth)acrylonitrile (co)polymer is a copol- 
ymer that Is obtained using as polymerlzable monomers (C1) 51 to 100% by weight of at least one monomer 
selected from the group consisting of acrylonitrile and methacrylonitrile, (D1) 0 to 40% by weight of vinylldene 

10 chloride, and (D2) 0 to 48% by weight of at least one monomer selected from the group consisting of acrylic ester 
and methacrylic ester. 

12. The thermally foarnable microsphere according to claim 5, wherein the (meth)acrylonitrile (co)polymer is a (co) 
polymer that is obtained using as polymerlzable monomers (E) 30 to 100% by weight of at least one monomer 

is selected from the group consisting of acrylonitrile and methacrylonitrile and (F) 0 to 70% by weight of at least one 
monomer selected from the group consisting of acrylic ester and methacrylic ester. 

13. The thermally foarnable microsphere according to claim 5, wherein the (meth)acrylonitrile (co)polymer is a copol- 
ymer that is obtained using as polymerlzable monomers (El) 1 to 99% by weight of acrylonitrile, (E2) 1 to 99% by 

20 weight of methacrylonitrile and (F) 0 to 70% by weight of at least one monomer selected from the group consisting 

of acrylic ester and methacrylic ester. 

14. The thermally foarnable microsphere according to claim 5, wherein the (meth)acrylonltrile (co)polymer Is a copol- 
ymer that is obtained using as polymerlzable monomers <E1) 20 to 80% by weight of acrylonitrile, (E2) 20 to 80% 

25 by weight of methacrylonitrile and (F) 0 to 20% by weight of at least one monomer selected from the group consisting 

of acrylic ester and methacrylic ester. 

15. The thermally foarnable microsphere according to claim 1 , which has an average particle diameter of 3 to 1 00 \im 
and a coefficient of particle diameter distribution variation of 1 .5% or less. 
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16. The thermally foarnable microsphere according to claim 5, wherein the shell formed of a polymer is formed of a 
vlnylldene chloride (co)polymer, and a ratio (FVRi) of an expansion ratio R 2 at a temperature 10°C higher than a 
temperature at which a maximum expansion ratio R t Is obtained to the maximum expansion ratio H-\ Is 0.8 to 0.4. 

35 17. The thermally foarnable microsphere according to claim 5, wherein the shell formed of a polymer Is formed of a 
(meth)acrylonltrile (co)polymer, and a ratio (FVRi) of an expansion ratio R 2 at a temperature 1 0°C higher than a 
temperature at which a maximum expansion ratio R 1 is obtained to the maximum expansion ratio R-, is 1 to 0.8. 

18. A process for producing a thermally foarnable microsphere having a structure In which the foaming agent Is en- 
40 capsulated in a shell formed a polymer that Is obtained by subjecting a polymerizable mixture containing at least 

a foaming agent, a polymerizable monomer and a crossllnkable monomer to suspension polymerization In an 
aqueous dispersion medium, me process comprising subjecting the polymerlzable mixture containing thee 
able monomer at a proportion of greater than 1 % by weight up to 5% by weight based on the polymerizable mon- 
omer to suspension polymerization to obtain a thermally foarnable microsp here having a maximum expansion ratio 
45 of at least 5. 

19. The production process according to claim 18, wherein the crossllnkable monomer Is a Afunctional monomer 
having two polymerlzable carbon-carbon double bonds. 

so 20. The production process according to claim 1 8, wherein the polymerizable monomer is a monomer or a monomer 
mixture selected from the group consisting of (a) vlnylldene chloride alone or a mixture of vlnylldene chloride with 
a vinyl monomer copolymerlzable therewith, and (b) (meth)acrylonltrlle alone or a mixture of (meth) acrylonitrile 
with a vinyl monomer copolymerlzable therewith. 

55 21 . The production process according to claim 1 8, wherein the aqueous dispersion medium contains as a dispersion 
stabilizer colloidal silica, and a condensation product of diethanolamine and an aliphatic dicarboxylic acid. 

22. The production process according to claim 18, wherein the aqueous dispersion medium contains as a polymerl- 
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zation aid at least one compound selected from the group consisting of an alkaline metal nitrite, stannous chloride, 
stannic chloride, water-soluble ascorbic acids and boric acid. 

23. The production process according to claim 1 8, wherein the aqueous dispersion medium and the polymerlzeble 
mixture are fed In a continuous high-speed rotation, high -shear type stirring/dispersing machine in which both are 
continuously stirred and dispersed, and the resulting dispersion Is poured In a polymerization vessel In which 
suspension polymerization is earned out. 

24. The production process according to claim 18, wherein the aqueous dispersion medium and the poiymerizable 
mixture are fed In a batch-wise high-speed rotation, high-shear type stirring/dispersing machine In which both are 
continuously stirred and dispersed, and the resulting dispersion is poured In a polymerization vessel in which 
suspension polymerization is carried out. 
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